Lactic acid bacteria (LAB) mediated fermented mustard green (MG) pickle was prepared, and the cholesterollowering property of the pickle was evaluated. LAB strains were isolated by a plating method and biochemically characterized. Pickle formula was prepared with a various combination of seasonings. Lactic, and acetic acid content was assessed by high-performance liquid chromatography. Methanol and ethanol contents were estimated by gas chromatography. The antimicrobial property was evaluated by plate assay. Cholesterol content was detected by the o-phthalaldehyde method. About 373 bacterial isolates were isolated. After the selection process (bile and pH tolerance, bile salt hydrolase activity, biochemical profile, and growth pattern), isolate LAB5 was selected as a starter for pickle formulation. Twenty-seven different pickle formulas were prepared. Lactic acid content increased gradually, whereas acetic acid level decreased in the pickles. The acceptable level of ethanol was observed in pickles after 30 days with no methanol content. Pickles showed antimicrobial activity against tested microbes. Cholesterol level in pickle liquid was reduced significantly. The stability and sensory analysis suggested that pickle formula-2 was accepted by the healthy volunteers. LAB5 fermented MG pickle could be a functional food to control cholesterol. Additional clinical trial helps to explore the in vivo cholesterol lowering property of the formulated pickle.
INTRODUCTION
Pickling is one of the ancient ways of food preservation, and it was a possible way of preserving the foods, especially seasonal foods, before the invention of modern preservative machines like the refrigerator. It is believed that the beginning of the preparation and usage of pickles in India was about 4 to 5 thousands years ago. The traditional pickles contain salt, oil, and dry chili in prescribed proportions, and the proportions varied on the individual' preferences. Pickle is the good source of antioxidants, probiotics, vitamins (vitamin C, A, K, and folate), and minerals (iron, calcium, and potassium). Notably, freshly prepared pickles with leafy vegetables and herbs (coriander, curry leaves, spinach, parsley, and amaranth), and Decalepis hamiltonii based pickles are considered as one of the health supplements in Asian countries (Organic facts, Health benefits of pickles).
The consumption of an excess amount of pickle leads to hypertension since most of the pickle contains salt as an essential ingredient. Some ecological studies revealed the increased risk of esophageal and gastric cancers among the people with high consumption of pickled food (Yang, 1980; Takezaki et al., 1999) . The Chinese people who consumed the pickled food, mostly pickled vegetables, every day in their diet for minimum 9 to 12 months were in high-risk of cancer (Yang, 1980) . Mainly, commercialized packed vegetables and meaty pickles facilitate the growth of harmful microbes and capable of producing carcinogenic compounds such as N-nitroso compounds and mycotoxins (Cheng et al., 1981; Zhang et al., 1983; IARC Working Group, 1993; Ren et al., 2012) . The carcinogenicity and mutagenicity of pickled vegetables have been proved in vitro (Cheng et al., 1980; Lu et al., 1981) .
Probiotics are live microbes, which when administered in adequate amounts, offer a health benefit on the host. The dairy products (for example yogurt, cottage cheese, sour cream) are the cheap source of probiotics. Alternatively, several types of meat and vegetable products and fruit juices are considered as the best source of probiotic microbes (Sheehan et al., 2007; Martins et al., 2013; Rouhi et al., 2013) . The consumption of kimchi and other fermented vegetable products help the host to acquire the lactic acid bacteria (LAB), one of the common probiotic bacteria. Moreover, the naturally fermented foods are sheltered for both harmful and beneficial microbes. So the fermented vegetables or pickle products made with characterized probiotic strain confirms the supplementation of probiotics to the consumers.
Mustard greens (MG) are rich in phenolic compounds, vitamins, and minerals. MG is one of the best low-calorie cruciferous vegetable, extensively used in Thailand as a raw vegetable, or as fermented pickle. The isolation of probiotic bacteria from Thai fermented foods with desirable characters and development of fermented plant beverages were reported previously (Woraharn et al., 2015; Woraharn et al., 2016) . The current study was conducted to isolate LAB with cholesterol utilizing property from indigenously prepared fermented Thai foods, and to formulate the MG based pickle with different degree of seasonings (garlic, ginger, and chili). The acceptability of the product by consumers and the stability of the products have also been assessed.
METHODS

Sample collection and isolation
The fermented food samples such as fermented soy milk, Thuo-nao, Thuo-mhak, Ab-Thuo (Fermented nuts), fermented soy sauce, Tempeh, miso, nutto, and other fermented beverages that contain plant components were collected from the local market, Chiang Mai, Thailand. The samples were immediately transferred to the laboratory under refrigeration, and lactic acid bacteria were isolated as described previously (Woraharn et al., 2014) . The mustard green was selected as the base of the pickle, and fresh mustard green was purchased from local market, Chiang Mai, Thailand.
Bile and pH tolerance test
The LAB isolates were cultured in MRS broth with 0.15 to 0.3% of the bile salt or MRS broth at the pH of 1, 2, 3, 4, 8, 9, and 10 (adjusted using 1N HCl and 5N KOH) for 18-24 h. Then, the bacterial growth was measured at 660 nm by spectrophotometer (DTX 880, Beckman Coulter Inc., UK) to detect the growth ability of LAB isolates in the presence of different concentration of bile salt or at various pH (Menconi et al., 2014) .
Carbohydrate, Protein and Lipid utilization test
Starch agar (Hi-Media, catalog no. M107S), skim milk agar (Hi-Media, catalog no. M763), and tributyrin agar (Hi-Media, catalog no. M157) with 2% of glycerol tributyrate medium were used to assess the carbohydrate, protein, and lipid utilizing ability of LAB isolates. The single colony of LAB isolates was streaked on the respective media and incubated at 37°C for 24 h. After incubation, plates were examined for the clear zone formation around the colonies. The iodine solution was used for the better visualization of clear zones in starch and skim milk agar medium (Cappuccino and Sherman, 2011) .
Assessment of cholesterol uptake
The cholesterol utilizing ability of LAB isolates were measured by the method described previously (Rudel and Morris, 1973; Gilliland et al., 1985) . Briefly, the LAB isolates were grown at 37°C for 24 h in MRS broth with 1% pleuropneumonia-like organism (PPLO) serum fraction, and 0.5% (w/v) of bile salt. The cells were harvested by centrifugation for 10 min at 12,000 rpm, and the level of cholesterol in spent medium and cells was assessed by o-phthalaldehyde method (Rudel and Morris, 1973) . To measure the cholesterol content in pickle formulas, ∼5 g of pickle liquids were collected at any point of the fermentation process. The cells and broth were separated by centrifugation. Then, the cholesterol level in pickle broth and cells were assessed as described above.
Evaluation of antimicrobial, biochemical and microscopic properties, and growth of LAB
The antimicrobial nature of isolated LAB was assessed against Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, Bacillus cereus, Pseudomonas aeruginosa ATCC27853, Candida albicans ATCC 90028 by plate assay (Cappuccino and Sherman, 2011) . LAB isolates were examined under the microscope after stained with Gram' stain to determine the shape and arrangements of cells (Cappuccino and Sherman, 2011) .
The selected LAB strains were analyzed for the sugar utilization profile using Hi CarbohydrateTM Kit (Hi-Media, Catalog no. KB009A, KB009B1, KB009C) as per the manufacturer' instructions. The generation time and specific growth rate of the LAB isolates were calculated as described (Todar's online textbook of bacteriology, 2008; Samuel Miller Lab, 2011) .
Pickle formulations
The fresh, clean mustard green was squeezed mechanically. Different concentration (5, 15, and 30%) and the ratio of garlic, ginger, and chili was added. The combinations of ingredients were tabulated (Table 1) .
Twenty-seven combinations of seasonings (garlic, ginger, and chili) were used with a constant volume of squeezed mustard green and 10% of LAB starter culture. The pickle formulas were incubated at room temperature for 30 days. The pickle mix without any seasonings and LAB starter (control-1), and another formula with 10% LAB starter and without seasonings (control-2) were served as control.
Quantification of lactic acid, acetic acid, methanol and ethanol in pickle formulas
The level of lactic and acetic acids in pickle formulas was assessed by high-performance liquid chromatography (HPLC). Methanol and ethanol contents in pickle formulas were estimated by gas chromatography, as described previously Chaiyasut et al., 2017a; Chaiyasut et al., 2017b ). 
Assessment of microbial load in pickles
The microbial contaminates in pickle formulas were studied by plating the serially diluted pickle samples in specific 
Sensory evaluation test
A descriptive ratio profile test was conducted to evaluate the acceptability of the pickle formulas. Twenty healthy volunteers 
Stability test
The selected pickle formulas were stored at room temperature for sixty days, followed by an assessment of the LAB content and the acceptability was evaluated by sensory analysis.
Statistical analysis
The biochemical analysis was performed in triplicates and values are represented as mean ± SD. The difference among the pickle formulations was assessed by analysis of variance (ANOVA) using statistical SPSS software version 16 (Chicago, SPSS Inc, USA) at the 95% confidential level (p < 0.05).
RESULTS AND DISCUSSION
A sum of 373 bacterial isolates was isolated from collected fermented food samples. About 274, and 121 isolates showed tolerance to 0.15%, and 0.30% bile salt, respectively. All the isolates were tested for pH tolerance, and about 197 isolates were found to be grown in the pH range of 1-4, 8, and 9. Among 197 strains, 47, 34, and 21 isolates were able to utilize protein, carbohydrate, and both, respectively. The lipid utilizing property and bile salt hydrolase (BSH) activity of selected 21 strains were evaluated. Two isolates (coded as LAB3, and LAB5) were confirmed with both lipids utilizing property and BSH activity (Table 2) .
Several reports explained the anti-microbial property of LAB isolated from fermented foods, which is attributed to the production of antimicrobial compounds such as bacteriocin by L.
lactis BH5, L. citreum GJ7 (Hur et al., 2000; Chang et al., 2007) , pediocin by P. pentosaceus , and nisin. Thus, the antimicrobial activity of LAB3 and LAB5 were assessed. Both the strains actively suppressed the growth of S. aureus, B. cereus, and mild activity was observed against P. aeruginosa, E. coli, and C.
albicans (Table 3) . Note: + denotes inhibition zone of < 7 mm; ++ denotes inhibition zone of 7-9 mm; +++ denotes inhibition zone of ≥ 10 mm.
The results of biochemical and microscopic observations suggested that both the isolates are identical strains of the LAB. Whereas, the generation time and specific growth rate of both the strains were found to be varied (Table 4 ). The relatively fast-growing strain, LAB5, was selected for the preparation of fermented pickle with the cholesterol-lowering property.
The traditional fermented plant foods, for example, kimchi, are seasoned with red pepper powder, garlic, ginger, green onion, and salts. The presence of bioactive seasoning compounds and microbial constituents in the fermented food make them as a functional food with antioxidant, antidiabetic, and anti-obesity properties . The fermented garlic is considered as a functional food with better biological activities, such as antioxidant activity (Li et al., 2017) . The anti-obesity property of Lactobacillus-mediated fermented garlic extract was attributed to the suppression of adipogenesis by downregulating the mRNA and proteins that are involved in lipogenesis . Garlic fermented with Monascus pilosus decreased triglyceride and cholesterol in serum with no adverse effects in normal to mildly hyperlipidemic individuals (Higashikawa et al., 2012) . Hypercholesterolemia initiates the atherogenic process; but, chronic inflammation also promotes atherogenesis. Thus, to prevent the atherogenesis, 20% of ginger was used in Monascus spp. fermented food, which enhances the anti-inflammatory property of the food (Chen et al., 2010) . Thus, in the present study MG pickles were formulated with various concentration and the ratio of seasonings (garlic, ginger, and chili), and were incubated for 30 days (Table 1) . The formation of organic acids like lactic and acetic acids during the fermentation process is due to the hydrolysis, biochemical, and microbial metabolism (Chaiyasut et al., 2017a) . The concentration of lactic and acetic acids in pickles were assessed at two-time points (day 0 and 30). The lactic acid level of all formulas was found to be increased after 30 days of fermentation when compared to that of the day 0. Notably, formulas 1, 2, and 3 showed the relatively high concentration of lactic acid after 30 days of fermentation (0.85, 0.82, and 0.81 g/100 ml, respectively) ( Table 5) .
The presence of LAB starter culture increases the concentration of lactic acids in pickles. At the same time, the level of acetic acid was significantly low in formulas 1, 2, and 3 (0.032, 0.034, and 0.035 g/100 ml, respectively) compared to that of the control and other pickle formulas (Table 6 ). The concertation of lactic and acetic acids in all the pickled formulas are in an acceptable level for human consumption. Whereas, formulas 1, 2, and 3 are considered as best among the tested samples. The ethanol and methanol are primary alcohols in the fermentation process. Maintaining an acceptable level of ethanol and methanol in the processed food, especially fermented food is critical. The acceptable range of ethanol in the fermented product is less than 5%, and methanol is acceptable up to 240 ppm in fermented foods as per Thai Community Product Standard (TCPS) (Chaiyasut et al., 2017b) . The kinetic analysis showed that the ethanol level was slightly increased over the period in pickles and reached to the maximum of 0.870% in formula 20. Whereas, the methanol was not detected in all the pickles including controls (Tables 7 and 8 ). So the pickle formulations are safe regarding alcohol content. The pickle liquids are liquid part of the pickle, were analyzed for the anti-microbial property. All the formulations showed anti-microbial activity against tested microbes. The formulas 1, 2, and 3 showed higher antimicrobial activity than that of the other pickles, especially against S. aureus, and B. cereus (Table 9 ). It is known that the LAB in fermented foods, such as kimchi, fermented cabbage, and yogurt, are active against contaminating microbial population ( Lee et al., 2009; Mitra et al., 2010; Patel et al., 2014) . Antimicrobial nature of LAB5 (starter culture) (Table 2) , and the presence of garlic, and ginger in the pickle mix enhanced the antimicrobial activity of the pickle formulation (Table 9) .
Naturally fermented foods and beverages contain beneficial, non-beneficial, and pathogenic microbes (Tamang et al., 2016) . The ratio of the microbial load determines the quality of the product and functional property of the food in association with active compounds of raw materials used for the preparation. Several functional properties of the microbes in fermented foods were reported such as probiotics, antimicrobial, antioxidant, peptide production, fibrinolytic activity, etc (de Mejia et al., 2010; Meira et al., 2012; Perna et al., 2013; Hill et al., 2014) . Some of the LAB isolated from fermented foods are used for the production of fermented mushroom beverages with a high content of L-glutamine, L-glutamic acid, and γ-aminobutyric acid (Woraharn et al., 2015; Woraharn et al., 2016) . The lactobacillus fermented plant juice can be used as an active ingredient for mouthwash formulas . The LAB isolate used in the study has lipid utilizing property and BSH activity. Thus, the cholesterol content in the pickle liquids and LAB cells were kinetically (at day 1, 2, 3, 5, 10, 15, 20 and 30) measured to reveal the cholesterol exploiting nature of selected LAB strain. The concentration of the cholesterol in pickle liquid was gradually reduced in all tested pickle formulas, and significant changes were observed after 30 days of pickling compared to the cholesterol content on the first day of respective pickle samples. Formulas no. 1, 2, and 3 showed a more effective reduction in cholesterol content in the respective pickle liquids (from 73.50, 73, and 72.50 to 35.11, 34, and 33.80 µg, respectively) (Table 10 ). The cholesterol content inside the LAB cells was increased significantly compared to day 1 in all the formulas. The formula no. 1, 2, and 3 showed a more significant increase in cholesterol content in LAB cells (from 6, 6 and 6 to 24.15, 24.40, and 24.68 µg, respectively) (Table 11 ). The results suggested that the LAB strain potentially intakes the cholesterol present in the pickles, which can be used by the organism as a source of energy.
The selected LAB isolate (LAB5) has been predicted as L. plantarum based on the biochemical profile (Table 3 ) and a previous report (Todorov and Franco, 2010) . A study revealed the significant level of reduction in total cholesterol (13.6%) levels after 12 weeks of consumption of Lactobacillus plantarum cocktail (a mixture of three strains) compared with placebo (Natural news, 2012). Choi et al. (2013) reported that the consumption of kimchi reduced the total cholesterol and low-density lipoprotein-C level among the young healthy volunteers. Fig. 1 : Representation of sensory evaluation of pickle formulas 1 (a), 2 (b), and 3 (c) after two months of storage at room temperature. The pickle formula 2 displayed the score parallel to the ideal score, than other formulas.
The customer' acceptance and the stability of a product are more important to succeed the marketing of any product. The food products are subjected to the sensory evaluation and acceptance rate of the product, before marketing or mass production. All the formulated pickles were subjected to sensory evaluation by twenty independent, healthy human volunteers. The opinion about color, taste, odor and general acceptance of the pickles were collected, and the product score was plotted with the ideal score. The results suggested that the pickle formulas 1, 2, and 3 are the most acceptable pickle formulations by the volunteers (Data not shown).
A successful probiotic pickle product should maintain an effective dose (>10 6 CFU/ml) of probiotic until the proposed shelf life of the product, usually two or more months (Sanders et al., 2010) . Hence, the selected pickle formulas were stored at room temperature for 60 days to assess the stability of probiotic strain in the pickles, and shelf life of the pickles. The amount of LAB in the pickles was gradually reduced over the period of storage, and the level of reduction also varied among the pickles. The pickle formula 1 retains the relatively high LAB cells during storage followed by formulas 2, and 3 (Table 11 ). The sensory evaluation data showed that all three pickles were accepted by the volunteers after the storage period. More specifically, pickle formula 2 was selected as the best pickle formula in the study by healthy volunteers (Fig. 1) .
CONCLUSION
The present study reported the successful isolation of probiotic LAB with cholesterol utilizing property from fermented foods of Northern Thailand. The MG based pickle was formulated with a different concentration of seasonings and LAB starter culture. The formulated pickles have been evaluated for the organic acids, alcohol content, and cholesterol-lowering property. The sensory evaluation and stability studies also proved that the formulated pickle was good for the human consumption. Further, the randomized clinical trial is required to explore the in vivo cholesterol lowering the ability of the formulated pickle. LAB5 mediated fermented MG pickle may be considered as the functional food to control the cholesterol.
